Context. Auditory devices used to deter wildlife are a potentially humane and effective 2 way of minimising deleterious interactions with humans and their livelihoods and have 3 been used successfully for many species around the world. Acoustic cues can be used to 4 manipulate anti-predator behaviour, encouraging animals to forage elsewhere. Employing 5 acoustics derived from natural sources to make use of innate behavioural responses has 6 been suggested to outperform novel or artificial sounds, however, anti-predator strategies 7 vary among sympatric species and will influence the utility of acoustic stimuli for deterring 8 wildlife. 9
Introduction

1
As the global trend of human population increase intensifies the need to secure and 2 maximise resource production, conflict resolution between primary industries and 3 biodiversity conservation will become increasingly important. Wildlife often struggle to 4 maintain viable populations in modified and fragmented landscapes (Hobbs 2005 ) and can 5 unwittingly cause conflict when they seek additional resources from land allocated to 6 production. There is therefore great need to foster both environmental and production 7 sustainability, maximising the long term persistence of wildlife in a manner that conforms 8 to societal expectations of environmental and human well-being (Hassan et al. 2005; 9 Pereira et al. 2005 ) and the ethical treatment of animals (Bekoff 2010) . 10 Traditional approaches to minimising wildlife interactions with agricultural and forestry 11 industries have focussed on the poisoning and shooting of both native and non-native 12 species (e.g. Choquenot and Warburton 2006). There is, however, increasing pressure to 13 develop non-lethal control methods that reduce economic loss to industries using 14 sustainable and humane strategies (Reiter et al. 1999; Eason et al. 2010) . One such 15 technique is the use of deterrents, which act to discourage the target species from accessing 16 a specific area. Although research remains in its infancy (Eason et al. 2010) towards biologically-relevant behavioural repertoires, the potential for developing effective 21 deterrents appears plausible. More often than not, the weak link in experimentation appears 22 foot thumps were included in each five-second stimulus, and a natural five-second sample 1 was taken from continuous recordings of distress calls, magpie calls, wedge-tailed eagle 2 calls and dingo howls. Sounds were edited using Adobe Audition 1.5 (Adobe Systems 3
Incorporated 2004). The order in which the different stimuli were given to each individual 4 was randomised. Two or three different exemplars of each stimulus sound were used during 5 playback. 6
Pademelons and wallabies were given at least 24 hours to acclimatise to their new 7 enclosure before commencing experiments. Each acoustic stimulus was broadcast over a 8 one-hour experimental period, either in the early morning (< 5 hours after sunrise) or late 9 afternoon (< 3.5 hours before sunset). During the one-hour experimental period a five 10 second recording of the stimulus sound was broadcast at five-minute intervals (i.e. 12 11 replicate broadcasts for each subject). Each individual was tested every morning and 12 afternoon (weather dependent) until all seven stimuli had been broadcast to the test subject. 13
Before playback commenced fresh grass was placed in the centre-rear of the enclosure to 14 encourage wallabies to move towards the middle of the enclosure. After placing the grass 15 within the enclosure the experimenter positioned themselves behind a hide overlooking the 16 enclosure and remained quiet for 20 minutes before commencing playback. 17
Subject responses 18
Behavioural responses to stimuli were captured using digital footage, recorded for 30 19 seconds prior to and following the sound broadcast. To simplify analyses, we quantified the 20 proportion of time allocated to (a) three different behaviours categories -alert (actively 21 monitoring its environment), other (feeding, hopping, walking, or grooming), and inactivity 22 and (b) two different vigilance levels -heightened vigilance (attentive, body rigid, upright, 1 eyes wide) and attention to the sound source (face oriented within 20° towards the speaker). 2
The proportion of time allocated to these behaviours was calculated for each 30 second 3 interval prior to and after the stimulus broadcast using the computer program Observer 5.0 4
(Noldus Information Technology 2003). 5
Data analysis 6
A mixed modelling approach was used to allow for nesting as individual subjects were 7 tested every five minutes over one hour. A generalised additive mixed model was run for 8 each behaviour category, with subject specified as a random variable and sound and time 9
(smoothed) as fixed variables. An autoregressive correlation structure of order one was 10 added to accommodate for the lack of temporal independence. Short-term habituation to 11 acoustic stimuli was examined by incorporating the time of the sound broadcast (in 12 minutes) as a dependent variable in the models. Sound was treated as a factor with the 13 Australian Magpie set as the reference level to ensure behavioural responses were 14 compared to the baseline response of a non-threatening natural sound. Models were run for 15 each species separately in R (version 2.12.1) using the 'mgcv' package (R Development 16
Core Team 2008). Models were run using the difference in the proportion of time spent per 17 30 seconds engaged in each behaviour type across trials before and after the sound 18 broadcast. As we were interested in whether the mean time allocated to a particular 19 behaviour change after the broadcast, we only included non-zero scores (i.e. we ignored 20 sample points where a behaviour type was not engaged in within either 30 second period). 21
Results
1
Spectral analysis of stimuli 2
Recorded foot thumps had very short durations (less than 0.2 seconds), encompassed a 3 broad frequency range, and exhibited energy greater than 1 kHz (Fig. 1) . Lower limits of 4 foot thumps dropped below 50 Hz although the exact lower range is uncertain as the 5 microphone had a minimum frequency of 30 Hz and at this frequency there is overlap with 6 background noise. We were unable to detect infrasonic sound (lower than 20 Hz) with the 7 available equipment and it is plausible that the behavioural cue may come from sounds in Post-broadcast, there were increases in the mean time spent alert across all presented 5 acoustic stimuli, regardless of origin (mean response increases between 19 and 32%) (Fig.  6 2). This included the magpie broadcast (27%), which was intended to be a familiar and 7 non-threatening sound. Consequently, no other acoustic stimuli significantly differed in 8 their increase in alert response, although the greatest mean response (32%) was recorded in 9 response to the dingo call (Table 1a) . When aggregated together, post-broadcast responses 10 to acoustic stimuli resulted in reductions of behaviours such as grooming, feeding and 11 movement. All stimuli resulted in some reduction, although the greatest reduction (-20%) 12 occurred in response to the distress call of a conspecific. Inactivity in response to acoustic 13 stimuli was observed to decline post-broadcast for all stimuli except the distress call by a 14 conspecific, where a 9% increase in mean response was recorded. Little response in activity 15 to the magpie broadcast occurred, while the greatest decline in inactivity occurred in 16 response to the dingo broadcast (-18%), significant at the 0.01 level. 17
The shift in alert behaviour was further examined by recording heightened levels of 18 vigilance (becoming upright) and attention (face towards the sound source). All acoustic 19 stimuli led to increases in vigilance state post-broadcast (mean responses between 19 and 20 27%), including a 23% increase to the magpie control stimulus (Fig. 3) . The greatest mean 21
responses were recorded in response to the dingo call and foot thump stimuli. Likewise, all 22 stimuli resulted in increases in attention post-broadcast. The magpie broadcast elicited the 1 greatest change in mean response (17%), followed the dingo call (16%) and foot thumps 2 (13%). The change in response to eagle calls and gun shots were significantly lower than 3 that observed to the magpie broadcast. 4
Short-term habituation effects in the change in mean response post-broadcast were 5 experienced across each of the three behaviour and two vigilance categories, although alert 6 and vigilance were only significant at the 0.01 level (Table 1a) . By examining the change in 7 mean response across subjects over time, rapid habituation to the dingo calls and foot 8 thumps was evident, with a 93% mean change in alert behaviour at first dingo broadcast 9 declining rapidly to a 13% mean increase in alert behaviour at the end of the hour of trials 10 ( Fig. 4) . Foot thump responses declined from over 50% increases after the first two 11 broadcasts to below 10% for the remaining broadcasts. No clear patterns were evident for 12 distress calls or magpie calls, with variability high, however, there were apparent increases 13 in responsiveness to eagle calls and gunshots. 14
Acoustic playback -red-necked wallabies 15
Unlike the red-necked pademelon, the magpie broadcast was relative benign to the red-16 necked wallaby, resulting in little change in any form of behaviour (Fig. 2 ). Significant 17 increases in the mean time spent alert post-broadcast were therefore recorded for dingo 18 calls (10% mean increase), conspecific distress calls (19% mean increase) and gunshots 19 (9% mean increase), relative to the magpie broadcast (0% mean increase) (Table 1b) . 20 Likewise, conspecific distress calls resulted in a significant mean decrease in non-alert 21 behaviours (-12%) relative to the magpie broadcast, although no other stimuli resulted in 22 significant declines. Inactivity also significantly declined post-broadcast for conspecific 1 distress calls (-21%) and gun shots (-20%), although dingo and eagle calls also resulted in 2 decreases (-10% and -9% respectively). 3
Heightened vigilance and attention were both relatively unaffected by the broadcast of the 4 magpie call, the control stimulus (Fig. 3) . The greatest mean increase in time spent vigilant 5 occurred after eagle calls (10%) (significant at the 0.01 level), dingo calls and gun shots 6 (both 8%), but the latter two were not significantly different from the magpie response 7 (Table 1b) . Changes in attention to the sound source occurred after the conspecific distress 8 call (19%) which was significantly different from the magpie response. Other acoustic 9 stimuli resulted in very similar increases in mean change in time allocated to attention post-10 broadcast (between 7% and 10%). 11
No short-term habituation was detected in alert, other or inactivity behaviour (Table 1b) . 12
Changes in mean response were lower than those exhibited by red-necked pademelons, 13 hence variability in responses across time prevented the detection of any significant trends. 14 However, suggestions of weak declines in alert response were observed for dingo, eagle, 15 foot thump and gunshot broadcasts (Fig. 4) . In contrast, mean responses to conspecific 16 distress calls were constant across the sampling period, suggesting that habituation to these 17 broadcasts did not occur and responses were stable. Declines in time allocated to 18 heightened vigilance and attention behaviour were detected, although patterns were very 19 similar to trends exhibited in alert response. 20 gun shot did, however, significantly increase alert behaviour (also observed in heightened 22 vigilance) and decrease inactivity in wallabies, when compared to the magpie control. 1
Overall, under the conditions tested our novel sound did not elicit any change in response 2 for either species that reflects suitability for use as a deterrent. In contrast, conspecific 3 distress, dingo and eagle calls all resulted in significant changes in behaviour. Using 4 responses to the Australian magpie as a baseline, pademelons similarly responded to all 5 forms of acoustics presented, including the supposed benign control, while wallabies 6 responded mostly to conspecific acoustics (although not heterospecific acoustics) and only 7 mildly to predator and novel acoustics. benefits foot-thumping could have; such as warning conspecifics, confusing predators, the 7 creation of havoc, creating social cohesion, pursuit-invitation, and as a pursuit-deterrent. 8
Despite using sensitive audio equipment for the recording and playback of foot-thumps we 9
were unable to detect any significant difference in response to foot-thumps from the 10 baseline. 11
The ability to utilise foot-thumps as a deterrent hinges on the capacity to accurately 12 replicate the conditions of a foot-thump, which is extremely difficult without incorporating 13 the infrasonic element (i.e. the vibrations that travel through the ground when the hind legs 14 of the macropodid are thumped on the ground). This would require the use of specialised 15 recording and playback equipment that to date has not been attempted. Increased alertness 16 and higher vigilance levels in experimental animals were observed in response to foot-17 thumps from other macropod species held captive in adjacent yards that they could not 18 directly see. This anecdotal observation suggests that playback and/or recording of foot-19 thumps may not have been optimal despite the use of high-quality audio equipment; indeed, 20 pilot research into recording foot-thumps has shown that making high quality recordings of 21
foot-thumps frustratingly difficult. Proper investigation of mechanisms to artificially 22 reproduce foot-thumps accurately is warranted. It is likely, however, that distress calls 1 communicate a higher level of danger, and therefore risk, as they are usually only emitted 2 when an animal has been captured or restrained (Croft 1981) , while foot-thumps are 3 typically given when an animal is fleeing from a disturbance (Rose et al. 2006) . 4
Management implications 5
The trade-off between foraging and predation risk is a well-known concept that has 6 received considerable attention over the last few decades. Higher risk foraging patches Tables   1   Table 1 . Responses of red-necked pademelons and red-necked wallabies to sound 4 broadcasts 5
Generalised additive mixed models of the difference in time spent engaged in different 6 behaviours before and after presentation of acoustic stimuli relative to a control (magpie 7 call) for (a) red-necked pademelons and (b) red-necked wallabies. SE is the standard error 8 of the coefficient; DF is the degrees of freedom. 
